Introduction
ound healing is a dynamic process involving cellular, molecular, biochemical, and physiological phenomena that result in connective tissue repair and fibrous scar formation and lead to the restoration of the anatomical continuity and functional status of the skin [1] .
Healing of wound is a specific biological process related to the general phenomenon of growth and tissue regeneration. There are several reports describing the various biological and physiological stages of healing. The wound healing process can be summarized into five independent and overlapping stages, including hemostasis, inflammation, migration, proliferation and maturation [2, 3] .
All these phases are strictly connected and play a key role for a complete and proper restoration of the injured tissue. There are many factors that can affect wound healing by interfering with one or more phases in this process, thus causing improper or impaired tissue repair. Research on wound healing drugs is a developing area in modern biomedical sciences and the search for compounds derived from plants constitutes a significant part of such studies. Although many natural products have been claimed to have healing effects, most do not have well-controlled scientific data. They need to be characterized in respect to the active chemical compounds, elucidation of the molecular mechanisms of their actions, demonstration of the real efficacy by in vivo studies and, finally, demonstration of their safety and effectiveness in clinical trials [4] .
The kiwifruit originated >700 years ago in China. It was later introduced in New Zealand and California, where the first major planting occurred in 1960. Some clinical effects of kiwifruit ingredients such as ascorbic acid (as a scavenger), antibacterial agents, and actinidin (a potent protein-dissolving enzyme) have been reported in the literature [5] [6] [7] . The proteolytic activities of actinidin and papain (proteolytic enzyme in papaya) are well-known commercially for meat tenderizing. Cheap and widely available in Africa, topical papaya is effective in desloughing wounds and limiting burn wound infection and is currently used in some regions of Africa. Previous study has shown the dramatic effect of kiwifruit dressing on deep second-degree burn wound healing. Debridement of devitalized tissue with no deleterious effects on the healing process keeps the wound surface clean and humid and prevents bacterial proliferation. They suggested that the dramatic antibacterial, debridement, wound contracture, and angiogenic effect of kiwifruit induced a significant wound healing in burn ulcers and might be W useful in treating chronic ulcers, such as bed sores [8] . Also, Hafezi et al. studied effect of kiwifruit on standard 3rd degree burn wound healing. They reported that debridement, neo-epithelialization and scar contraction were faster in the kiwi-treated group than in the untreated group. Following rapid enzymatic debridement, healing appeared to progress normally, with no evidence of damage to the adjacent healthy tissue [9] . Regarding to, kiwifruit contains antibacterial, scavenger agents and proteolytic enzymes, which may improve the wound healing and since using natural compounds has lower side effects comparing to chemical substances, the effect of kiwifruit dressing on the healing process of cutanous wound in male rats were examined in this study.
Materials and Methods
In this experimental study, 30 male Wistar rats, weighting 180-220 g, from Pasteur institute were used in this study. Rats were kept in standard cages, and fed ad libitum. The room temperature was also kept constant at 21±0.5ºC. The animals were weighed at beginning of the experiment and then weekly throughout the experiment. All animals were under care and used in the experiments according to the guidelines of the ethical committee of Damghan University.
Rats were randomly divided into 2 control and kiwifruit treated groups. Animals were anaesthetized with an intraperitoneal injection of 10 mg/kg Rampan (Bayer, Leverkusen, Germany) and 100 mg/kg ketamine hydrochloride (Gedeon Richter, Budapest, Hungary). After shaving and cleaning, a full-thickness incision (35 mm in length) was made parallel to and at a distance of 1.5 cm on the right of the dorsal midline for each animal (Fig. 1) . Postsurgically, the rats were returned to their cages and housed individually in order to avoid cannibalistic behavior. In the control group, one day after wound induction wounds was dressed with vaseline sterile gauze after normal saline irrigation. In the second group, the wounds were dressed with kiwifruit. The dressings were changed each day in 2 groups.
To evaluate wound healing, some parameters such as duration of healing, wound length, surface area of wound, and tensile strength were used. For surface area measurement, rats were anesthetized with ether inhalation, and a trace of each wound surface was made with tracing paper affixed to a millimeter paper, and squares located inside the trace were counted. The surface area was measured on zero (surgery day), 3, 6, 9, 12, 14, 16, 18 days after surgery. Therefore, this measurement was carried out until full healing occurred. The healing percentage was calculated by dividing the maximum surface area or of the wounds by that measured on 3, 6, 9, 12, 14, 16, 18 days after surgery. The duration of wound healing was the time taken for full contraction of wound [10] .
Twenty-one days after the surgery, animals were killed by an overdose of ether and the tensile strength of each scar was measured. A rectangular segment of the skin (5±1 cm), perpendicular to the incision, was removed and a 1 cm width from the center of incision was taken (to ensure the exclusion of unincised skin of the removed segment). The subcutaneous tissue was carefully removed from each skin sample, moistened with a saline solution (0.9% NaCl) and immediately taken to the tensiometer skin sample was connected to a bag of water by a clip at one end and to the tensiometer by a second clip at the other end. Water added to the bag at a rate of 2 g/second (regulated by a value) until complete rupture of the wound. The weight of the bag and water was then measured and noted as the tensile strength [11] .
The results were expressed as Mean±SEM. Data were analyzed through independent student t-test, using SPSS-16 and a statistical p value less than 0.05 was considered significant. Figure 2 shows that duration of healing time in kiwi treated animals is significantly (p<0.001, student t-test) shorter than control group. Therefore, there was faster of wound healing in kiwi treated animals. Wound-healing percentage was calculated using the equation (S2-S1)/ S2×100, where S2 and S1 are wound surface area on the surgery day, and days on 3, 6, 9, 12, 14, 16, 18 days, respectively.
Results
The area of wound was significantly different at 3rd (p<0.001), sixth (p<0.001), ninth (p<0.05), twelfth (p<0.01) and fourteenth (p<0.01) days between control and kiwi treated groups. Comparing the percentage of healing on different days showed an increased rate of healing in kiwi treated animals (Fig. 3.) . Figure 4 shows the wound length (mm) in different days during wound healing. There was significant reduction of wound length on day 9 (p<0.01), day 12 (p<0.001), day 14 (p<0.01) and day 14 (p<0.01) in kiwi treated group in comparisons to control group. Next, 21 days after wounding, the effect of kiwifruit dressing on tensile strength of each scar was investigated. Figure 5 shows the effect of kiwifruit dressing on tensile strength scar tissue in two groups. As seen, the tensile strength of kiwi treated group is much higher than control groups (Fig. 5,  p<0 .001). Comparisons of wound length between control and kiwi treated rats per day showed that kiwi treated group had significantly lower wound length on day 6, 9, 12 and 14 in comparisons to control group. **p<0.01, ***p<0.001. 
Discussion
The local effect of Kiwi fruit on healing of cutaneous wound in male rats was examined in this study. The findings of the present study showed a significant decrease in wound healing duration, increase of wound healing percentage and tensile strength in kiwi treated rats than control group.
These observations probably indicate the healing effect of kiwifruit on rats' cutaneous wound.
Wounds are common clinical entities in day-to-day life, which may be major or minor. The process of wound healing can be classified into 5 phases-cellular phase (granulation), narrowing of wound area (wound contraction), collagen deposition (collagenation), epithelial covering (epithelialisation) and scar remodeling (cicatrisation). These phases are concurrent but independent of each other. Any agent that accelerates the process is a promoter of wound healing [12] . Accordingly, the healing effect of kiwifruit is probably through the advancement of some of these steps.
Papaya is widely used in hot climate countries as traditional remedy in wound treatment. Its therapeutical value has been proven in several animal and human trials [13] [14] [15] . Papain and chymopapain are known to be effective in desloughing necrotic tissue, prevention of infection and the antimicrobial and antioxidant properties related to hydroxyl scavenging and iron chelating properties [15] . Moreover, they decrease the risk of oxidative damage to tissues. The antibacterial and desloughing effect of papaya is related to ingredients such as antibacterial agents and proteolytic enzymes (papain, leukopapain, chymopapain). Comparably, kiwifruit contains antibacterial and scavenger agents in addition to proteolytic enzymes, which may improve the wound healing [8] . In this study, better wound contraction may result not only from the early and full epithelialization, but also from debridement effect of this fruit.
Basile et al. demonstrated significant antibacterial activity on animals treated with kiwifruit dressing in comparison with those who received silver sulfadiazine cream [7] . Mohajeri et al. indicated that dressing with kiwifruit accelerate wound healing in burn ulcers and they suggested this effects is due to the dramatic antibacterial, debridement, wound contracture, and angiogenic effects of kiwifruit [8] .
In wound healing, the strength and integrity of tissue is ensured by collagen accumulation and it's cross-linking.
The collagen chain can only be formed if proline and lysine are hydroxylated in ribosomes. In this synthesis, ascorbic acid is used as a cofactor in converting proline residues into hydroxyproline [16] . Consequently, ascrobate stimulates procollagen secretion and ascorbic acid deficiency impairs collagen synthesis [17] .
Ascorbic acid has been reported to increase collagen deposition and tensile strength in experimental models of wound repair. Ascorbic acid is a very water-soluble compound which reacts with free radicals that arise in the aqueous compartments of tissues [18] . Fruits and vegetables are the major sources of ascorbic acid for the human system, which is unable to synthesize it but must secure it through dietary uptake [19] . Kiwifruit (Actinidia), one of the most popular fruits, is highly regarded for its high ascorbic acid content [20] . In our study, enhancement of tensile strength in kiwi treated wound probably is due to high ascorbic acid content of kiwi fruit. These results obtained from this study provide some evidence to support the use of kiwi to accelerate wound healing. The application of kiwi fruit and the similar healing fruits in treating the lesion leads to the results improvement, lower costs and lower antibiotic use in the patients. Further research is needed to determine the kiwi effect mechanisms in acceleration of wound healing in male rats.
